Peritoneal carcinomatosis (PC) is defined as tumor dissemination inside the abdominal cavity secondary to tumors arising from the peritoneal surface or from visceral organs. Dissemination is a result of uncontrolled proliferation of the primary tumor, which allows the tumor cells to exfoliate and circulate within the peritoneal fluid, allowing for an exponential progression of disease given the lack of growth inhibition in the newly implanted peritoneal metastases. Tumor cell implantation on other visceral organs and bowel, mesentery, and peritoneal surfaces ultimately leads to malnutrition, bowel obstruction, and death. 1, 2 Peritoneal carcinomatosis from gastrointestinal cancers has traditionally been viewed as not amenable to surgical treatment. It has been considered the terminal stage of disease, and median survival has been reported as 6 to 12 months with systemic chemotherapy. [3] [4] [5] [6] In fact, palliative systemic chemotherapy has shown good tumor response but without improvement insurvival. 7 Surgical options for the treatment of PC were popularized in the 1990s by Sugarbaker, 8 who advocated the use of cytoreductive surgery (CRS), including peritonectomy, in combination with hyperthermic intraperitoneal chemotherapy (HIPEC), to treat peritoneal surface neoplasms. Cytoreductive surgery-HIPEC has been shown to increase survival in selected patients with colorectal, appendiceal, and primary peritoneal cancers 5, [9] [10] [11] [12] in phase 2 and 3 trials. [12] [13] [14] Cytoreductive surgery, in combination with perioperative HIPEC, is an aggressive form of locoregional therapy. 15 Cytoreduction involves leaving no or only minimal residual tumor volume within the abdomen. Following surgery, HIPEC is used to bathe the peritoneal cavity with a heated solution containing high chemotherapeutic drug concentrations. The pharmacokinetic advantages of the intraperitoneal route of chemotherapy permit increased drug concentrations and locally dosed intensive therapy, in addition to its synergistic effects with hyperthermia. 7, 12 Hyperthermia exerts its own cytotoxicity against malignant cells and facilitates greater tissue penetration of antineoplastic agents. 16, 17 For these reasons, HIPEC, in combination with CRS, is believed to achieve macroscopic and microscopic disease clearance and hence possibly improve survival. 7, 12 Despite the promise of improved survival in patients with PC, HIPEC is associated with significant morbidity and mortality. Although there exists a growing body of literature regarding survival benefits, to our knowledge, specific morbidity and mortality data are only reported in a few publications. In this study, we present a review of the American College of Surgeons (ACS) National Surgical Quality Improvement Program (NSQIP) cases of CRS-HIPEC, and their associated morbidity and mortality in the treatment of metastatic and primary peritoneal cancer.
Methods
The ACS NSQIP is the first nationally validated, risk-adjusted, outcomes-based program to measure and improve the quality of surgical care. The program provides more than 500 participating hospitalswith data on preoperative risk factors, intraoperative Intraoperative variables, and 30-day postoperative mortality and morbidity for patients undergoing major surgical procedures in both the inpatient and outpatient settings. Each participating hospital has a dedicated surgical clinical nurse reviewer who captures these data using a variety of methods including medical record abstraction. Full description of the ACS NSQIP is available on the NSQIP website.18 Approval for the use of the ACS NSQIP database for this study was obtained from the institutional review board of the University of California, Irvine, and the ACS NSQIP. Patient data were deidentified; therefore, exempt institutional review board approval was granted.
Case Selection
The ACS NSQIP was retrospectively reviewed for all cases of HIPEC between January 1, 2005, and December 31, 2011, using the appropriate American Medical Association Current Procedure Terminology codes. We analyzed the available data on all patients who underwent HIPEC with concurrent cytoreductive cases. The ACS NSQIP only provides data on procedures occurring under the same anesthesia. Therefore, all cases reviewed underwent HIPEC concurrently with an associated cytoreductive procedure. To ensure that we captured concurrent cases, patients were selected only if they had undergone HIPEC and another specified procedural code. 
Variables
The variables used were provided by the NSQIP database and included patient demographics (age and sex), American Society of Anesthesiologists (ASA) class, functional status, and comorbid conditions. Body mass index was calculated based on the available data points of weight and height. The operative variables available included intraoperative transfusion, wound classification, operative time, anesthesia time, and intraoperative occurrences. Intraoperative occurrences included cardiac arrest, myocardial infarction, and unplanned intubation. Variables with a high percentage of missing data were excluded from the analysis.
Outcomes
The primary aim of our study was to provide the latest description of outcomes of patients undergoing HIPEC. Our primary end points were overall 30-day morbidity and mortality. We also reported the outcomes with respect to length of stay and postoperative complications, which included cerebrovascular accidents, myocardial infarction, pneumonia, superficial surgical site infections, deep surgical site infections, organ/space surgical site infections, wound disruption, urinary tract infections, progressive renal insufficiency, acute renal failure, deep venous thrombosis, sepsis, septic shock, return to the operating room within 30 days of the index operation, and readmission rates. Progressive renal insufficiency was defined in the ACS NSQIP as an increase in creatinine of more than 2mg/dL from preoperative value. Acute renal failure was defined as patients who require dialysis postoperatively and did not do so prior to admission. Readmission rates are available in the 2011 data set only and capture readmission to a surgical service within 30 days of the index operation.
Statistical Analysis
Data extraction and statistical analyses were performed using SAS version 9.3 and the R Statistical Environment. Predictive models for respiratory complications, septic shock, and return to the operating room were built based on Lasso algorithm.19 Predictive and protective variables were selected from the training data set and 10-fold cross-validation along with the 1-SE rule were used on the validation set to select for model size and control for over fitting. Receiver operating characteristic curve with area under the curve statistic was used on the validation set.
Results

Demographics
A total of 694cases of patients who under went HIPEC with CRS were sampled. Pathological type was identified in 226 patients (32.6%). Of the pathologies sampled, appendiceal cancer was noted in 43% of patients, primary peritoneal cancer in 32%, and colorectal cancer in 24%.Themeanpatient age was 55 years, and females comprised 54% of patients. Most patients were ASA class 3 (70%) and ASA class 2 (24%).Most patients had independent functional status (49%);however,50% of caseswere missing this variable (Table 1) .Cytoreductive surgery was identified in82% of patients,with omentectomy and small-bowel resections coded as the most often concomitant procedures (Table 2) . Patient comorbidities are listed in Table 3 . 
Outcomes
Postoperative bleeding requiring transfusion (17%), sepsis/septic shock (16%), and respiratory complications (15%) were the most prevalent complications (Table 4) . Average operative time was 455minutes, and anesthesia time was 547minutes. There was 1 intraoperative occurrence (unplanned intubation), and 15% of patients required an intraoperative transfusion (Table 5 ). Overall mortality was 2.3%, with 9.8% returning to the operating room. Mortality was most likely to occur after postoperative day 17, with the exception of 1 patient with colon cancer who died within 6 days of operation. The Lasso algorithm did not demonstrate any strong predictors of mortality and morbidity given the low number of patients with mortality. 
Discussion
The management of PC is the subject of ongoing debate between those who support the use of an aggressive surgical intervention with intraperitoneal chemotherapy and those practitioners who favor the use of systemic chemotherapy. Cytoreductive surgery, combined with HIPEC, can offer improved long-term survival and could possibly be a curative procedure in a select group of patients with surface tumor especially those with good performance status and low volume of disease as measured by the peritoneal cancer index. 5, 7 However, the oncology community continues to hesitate on the role of HIPEC because of the lack of large prospective clinical trials demonstrating improved survival compared with current systemic chemotherapeutic regimens.1 Resistance to the adoption of CRS-HIPEC is also owing to the inherently complex nature of this procedure, which results in high rates of morbidity and mortality. 1, 7, 12 Therefore, improved patient selection and technique for this procedure have been advocated. Although it has been hypothesized that at high-volume centers postoperative morality should be less than 1%, 15 the larger studies in the literature report an approximately 4% to 8% mortality rate. 12, 17, 20, 21 In this study, we showed that the overall reported mortality (2.3%) and morbidity (33%) at ACS NSQIP centers were in line with, and possibly lower than, what were reported in other large institutional case series.
Possible explanations for these apparently decreased rates of mortality in the ACS NSQIP are shorter study period and participation within the ACS NSQIP. This study was conducted over 6 years as opposed to longer periods described in other publications. 17, 20, 21 The longer study periods do not account for change in practices, newer generation of chemotherapeutic regimens available, and advances in surgical technique, critical care, and anesthesiology. This evolution in surgical management and technique may have influenced our reported outcomes. Participation within the ACS NSQIP may also reflect that these operations may have been performed in high volume centers with specific HIPEC programs. There may also be a bias toward hospitals with an emphasis on outcome improvement practices given their participation in the ACS NSQIP. This snapshot into the practices of participating centers within the ACS NSQIP demonstrates the acceptable rates of mortality and morbidity associated with this complex procedure. The main cause of death after CRS-HIPEC is attributed to sepsis followed by respiratory complications. 12, 20 Abdominal sepsis, anastomotic leak, and intestinal fistulas were the most commonly reported complications in most large series. 12, 17, 21, 22 The ACS NSQIP centers also reported septic complications, respiratory complications, and rate of reoperation as the most common causes of morbidity. The overall rate of septic complications in this study was 16%, with 4% of patients exhibiting septic shock. This is higher than the organ space infection rate (9%), which may in fact more precisely capture anastomotic leaks and enteric fistulas. Respiratory complications after CRS-HIPEC are common given the resuscitation required to keep up with the hemodynamic demands of the procedure. 23 The massive fluid shifts may cause an increased incidence of reintubation, need for prolonged ventilator support, and increased incidence of pulmonary interventions. Overall, respiratory complications were the third most common cause of morbidity in our series of patients at 15%. This included a 5% rate of pneumonia, 5% rate of unplanned intubations, and 5% rate of need for prolonged ventilator support. We did not find any preoperative and intraoperative patient risk factors that may have influenced respiratory complications. In a retrospective review of 76 HIPEC cases, Arakelian et al 4 reported on specific respiratory outcomes and interventions. Their findings were consistent with our results, with a reported 15% rate of pulmonary complications. They found that PC index and ASA class correlated with the presence of pleural effusions. They also reported that only 16% of patients required intervention with thoracocentesis or chest tube. They concluded that the high rate of respiratory complications are common but do not affect postoperative recovery.
Most patients in the ACS NSQIP were younger than the age of 65 years, which has been found to be a positive prognostic indicator of survival, 7, 20, 21 and this is consistent with the average reported age of 55 years in the literature. 12, 17, 20, 21 Most of the sampled patients had an ASA class 3 status, which constitutes patients with severe systemic disease. However, most of our patients were functionally independent at the time of their operation. Despite systemic disease, the members of the selected group of patients at ACS NSQIP hospitals were deemed good candidates in regard to their functional status. Patient selection is extremely important given the physiological demands of CRS-HIPE Conan individual. The morbidity and mortality of CRS-HIPEC result from the combined effects of cytoreduction and the physiological insult of the intraoperative chemotherapy. A large intra-abdominal dissection area with combination of peritonectomy can cause massive fluid losses. Systemic hyperthermia required during HIPEC can also result in hemodynamic changes that may result in moderate blood loss, peripheral vasodilation, and massive fluid shifts. 24, 25 This change in the physiological demands of the patient can increase morbidity and mortality.
There are 3 large cases series and 1 randomized prospective study in the literature that reported on the postoperative outcomes of CRS-HIPEC. A prospective randomized Dutch study observed a mortality rate of 8% for colorectal PC, with enteric fistulas as the most commoncause of morbidity. 12 Despite the high reported morality rates, Verwaal et al 12 re reported an improved median survival of 21 months (by a factor of 2) when comparing HIPEC-CRS with systemic chemotherapy. Larger series have shown lower rates of mortality. In a retrospective study of 501 patients over a 15-year period, the reported morbidity and mortality rates were 43% and 4.3%, respectively. 17 This was confirmed by Glehen et al 21 in a multicenter review of 506 patients with colorectal cancer who Underwent HIPEC over a 15-year period, which found a 4% mortality rate with septic shock as the most common cause of death. They reported a 10.7%reoperation rate and a 23% major postoperative complication rate, with fistulas as the most common complication (8.3%). The authors concluded that a more extensive cytoreduction correlates with an increased risk for morbidity and mortality. This was confirmed again by a larger multi-institutional French study including 1290 patients over an18-year period. They reported 4%mortality,with enteric fistulas (9%) and pneumonia (9%) as the most common causes of morbidity. They demonstrated a reoperation rate at 14%. 20 The current study showed a reoperation rate of 9.6%, with a 30-day readmission rate of 11%. Our mortality rates were lower by a factor of 2comparedwith the larger studies. We were unable to identify specific factors that predict morbidity and/or mortality given the small number of patients with morbidity and mortality and the limitations of the administrative data available.
The ACS NSQIP database restricts information to 30-day postoperative morbidity and mortality, thus complications and readmission data are unknown because repeated hospital admissions for the same patient cannot be linked. Furthermore, long-term outcomes and survival rates are not available. There is no information as to the nature of reoperation nor of the extent of cytoreduction. We were also not able to discern whether patients received postoperative intraperitoneal chemotherapy; our data only captured intraoperative chemotherapy at the time of cytoreduction. We did not have information on the chemotherapeutic agents used and/or the timing of HIPEC during the operation. The ACS NSQIP does not provide any data points with regard to hematological complications. It is also not possible to discern the exact number of centers within the participating hospitals that perform HIPEC. Nevertheless, to our knowledge, this study is one of the largest to date to analyze 30-day morbidity and mortality in patients who underwent HIPEC and CRS. In fact, it is the only large study in the literature providing this information through a short study period, which may adjust for temporal trends.
Conclusions
Given the low survival of PC,CRS, in combination with HIPEC, has been shown to offer patients a chance for long-term survival. We used a large nationwide database to demonstrate that the overall mortality and morbidity rates associated with HIPEC-CRS are acceptable. In fact, the mortality rate of 2.3% is lower than some of the larger series in literature. Although the resultant morbidity is not negligible, with good patient selection, this modality appears to be overall safe and effective in experienced hands.
